Introduction
Cervical cancer is the most common gynecologic neoplasm and the second most frequent cancer in women worldwide [1] . According to the WHO/ICO Information Centre [1] on HPV and Cervical Cancer, Israel has 222 new cervical cancer cases diagnoses annually. Although there is a relatively low incidence of cervical cancer in Israel (crude incidence rate of 6.2, age-standardized incidence rate of 5.6), the mortality rate from cervical cancer is relatively high. Annually in Israel, there are 98 new cervical cancer deaths, a crude mortality rate of 2.8 and an age-standardized mortality rate of 2.1 making cervical cancer the 14 th cause of female cancer deaths in women aged 15-44 years. In the United States the incidence of cervical cancer is higher/similar compared to Israel (crude rate of 7, age-standardized incidence rate of 5.7) while the mortality rate of cervical cancer related deaths is 2.4 (age-adjusted 1.7). The incidence of precancerous cervical lesions (low-grade squamous intraepithelial lesions, and high-grade squamous intraepithelial lesions) is equal in Israel and Western countries [2] . The disparity between the low incidence and the high mortality of cervical cancer in Israel may be due to problems in the screening methods.
The current and historical screening method for cervical cancer is the PAP (Papanicolaou) cytology smear test. While the PAP smear test is not the gold standard for diagnosis (it has not been tested in a randomized controlled trial), observational data support its use. Large population-based studies in Iceland showed that the mortality rate declined by 80% for more than 20 years with the use of PAP smear tests, and in Finland and Sweden by 50% and 34%, respectively [3, 4] . These studies also found that reduction in the incidence and mortality of cervical cancer was proportional to the intensity of screening [3, 4] . In addition, poor PAP smear screening frequency was the primary factor attributable to development of invasive cervical cancer. 53.8% of invasive cervical cancer subjects had inadequate screening histories and 4.5% have never been screened [5] . Despite the wide use of the PAP smear test, it is far from being a perfect test. The PAP smear test has limited sensitivity for detecting cervical cancer and its precursors, precancerous cervical lesions. To compensate for this limited sensitivity, the test was often repeated in short intervals with low cytological threshold for additional follow up. Repetitive tests in short intervals leads to elevated costs and exposure to unnecessary follow-up tests (colposcopy) that are not without consequences [6] .
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Hertzberg et al. Int J Cancer Clin Res 2015, 2:5 diagnoses were identified from the Rambam cytology department formal results. The prevalence rates by age group were calculated by using the total number of recipients who had a diagnosis of a degree of atypia/PCL/cervical cancer in a given age group divided the total number of PAP smear tests in that age group.
Atypia/PCL/Cervical Cancer Trends between the age groups
The population was examined by age group, especially those younger than 21 years. The data was stratified by PAP smear test result and in particular split into non-pathological findings, atypia (which included a histological diagnosis of atypia, koilocytosis, or ASCUS [atypical squamous cells of unknown significance]), and Precancerous Lesions (low-grade squamous intraepithelial lesion (LGSIL) and high-grade squamous intraepithelial lesion (HGSIL). A Pearson's Chi-Square test and Fisher's Exact test was used to determine statistical significance between the age groups. All tests were two-sided.
Persistence with PAP smear testing
Persistence with PAP smear testing among recipients was measured by calculating the total number of claims for PAP smear testing during the seven-year period. The higher the count, the greater the persistence with PAP smear testing. Testing more than once a year without an indication, was also noted. Statistical significance was calculated using an unpaired two-tailed t-test with Welch's correction.
Rates of persistence and regression of disease
Change in diagnosis was defined by any change from one visit to the subsequent visit. Persistence of disease was defined as the change in diagnosis that reflects a worsening of an atypia/PCL diagnosis. Regression of disease was defined as the change in diagnosis that reflected a regression/alleviation of atypia/PCL diagnosis. This was calculated by monitoring the index date (defined as the date of the first claim containing a diagnosis of atypia/PCL/cervical cancer) and analyzing prospective follow-up and recurrent PAP smear tests after the index date.
Results

PAP smear testing prevalence and trends
Recipient's ages ranged between 18 and 87 years (Table 1) . Among the age groups, the rates of screening were mostly equally distributed, although the age-group under 21 years old is over represented considering the new guidelines that do not recommend In Israel, cervical cancer screening has been opportunistic and institution-specific, meaning a PAP smear test was done only if the patient was consulting a health practitioner for another purpose. For several years Rambam Health Care Campus' policy comprised the screening of all sexually active women within one year of first sexual activity. In March 2012, the United States Preventive Service Task Force [7] changed the recommendation on screening for cervical cancer. All women with a cervix, regardless of sexual history should been screened with cytology (PAP smear test) from the ages of 21 to 65 years, every 3 years. Women between 30 and 65 years of age can be screened with a combination of cytology (PAP smear test) and HPV DNA testing every 5 years. Women under 21 years of age and those after total hysterectomy (removal of the cervix) should not be screened. These recommendations exclude women who have been diagnosed with high-grade precancerous cervical lesion or cervical cancer, women with in utero exposure to diethylstilbestrol (DES), or immuno-compromised women [7] . The National Institute of Health (NIH, American College of Obstetrics and Gynecology (ACOG), and the Center for Disease Control (CDC) have adopted these new guidelines. In 2012, the Rambam Health Care Campus (RHCC) also changed its policy to adopt the new USPSTF guidelines.
With the change in the cervical cancer screening guidelines, women younger than 21 will not be routinely screened and the screening interval is extended to three years. In spite of the wellreceived newly recommended guidelines on cervical cancer screening, how many patients will be excluded by the guidelines that may have otherwise benefited from the screening?. It is important to look at the trends in the population at RHCC in order to answer this question. Our aim was to determine the effectiveness of the previous policy on cervical cancer screening in terms of incidence of cervical cancer and rates of dysplasia in the population of RHCCgynecology outpatient clinic.
Materials and Methods
The study is a retrospective database analysis. A database was compiled of PAP smear tests performed between the years 2004 to 2010. All PAP smear tests were performed at the RHCCgynecology outpatient clinic, a tertiary medical centre serving a population of over a million in northern Israel. This includes Israeli Jewish and Israeli Arab women from a diverse socio-economic background. The Rambam cytology laboratory read all the cytology results and diagnoses were retrieved from a computerized database with treatment procedures collected from the patient's chart. Records in all files and databases contain recipients' unique identification number. The study has been approved by the hospital's institutional review board.
A total of 1778 PAP smear tests were collected from a total of 1094 women over the span of seven years. No age cut-offs were used in order to measure all patients whether or not they would be screened under the new guidelines.
The PAP smear tests were performed using an endocervical brush at the transitional zone of the cervix. The smear was fixed using 96% ethanol.
The information obtained from the PAP smear test included patient's age, indication for PAP smear test, result of cytology, and treatment.
Cervical cancer screening rates/trends
The cervical cancer screening trends were calculated by the percentage of women who had PAP smear tests, calculated for age group, and indication for PAP smear test. Age was categorized into eight groups: < 21 years, 21-25 years, 36-30 years, 31-35 years, 36-40 years, 41-50 years, 51-64 years, and >65 years.
Atypia/Precancerous Lesions/Cervical cancer prevalence trends
Cervical cancer, precancerous lesions (PCL), and other abnormal Table 2 displays that there was no statistical significance between the rate of atypical including precancerous lesions and the rate of normal PAP smear between the age groups. Because abnormal findings including atypia, koilocytosis and ASCUS was common in the age group younger than 21 and usually self-resolves, it is important to see (Table 3) that even when including a result of abnormal but non-dysplastic findings versus LGSIL and HGSIL, there still was no significant difference between the younger than 21 years old and the 21-25 years old groups. In table 4, we looked at the younger than 21-year-old group versus the rest of the population of PAP smear test recipients and found no significance when comparing non-pathological and pathological PAP smear test results.
Trends in dysplasia/PCL between the age groups
PAP smear testing persistence
In the seven-year period, 67.3% of the recipients have undergone only one PAP smear test. In Table 5 , the average number of visits was compared by age and by past PAP smear testing history. Because one visit was the baseline in the study, only values greater than one visit were considered in the analysis. The under 21 years group received less PAP smear testing than the general population. The recipients with a history of cervical dysplasia received more PAP smear testing than those with no history of any cervical dysplasia. Figure 2 shows the trends of progression and regression of cervical cytological results by age group. Of those recipients who changed PAP smear test diagnosis from one PAP smear to the next, there was a difference between age groups. In the under 21 years of age group, there was a wide disparity between those who regressed (14%) and those who progressed (3%). On the other hand, in the 26-30 years the screening of females under 21 years of age. The most common reason for PAP smear testing was a routine screening according to the previous screening guidelines at the hospital. Figure 1 shows the display of the tested patients stratified by age group and result. There were no cases of cervical cancer. The highest incidence of abnormal was in the age group 21-25. The highest incidence of LGSIL was detected under 21 years and 21-25 years. Table 4 : Comparison of data from the PAP smear results of the under 21-yearold group and the rest of the population (21-65 years of age) and statistical analysis. The results are grouped by non-pathological versus abnormal (cervical atypia, low grade and high grade SIL). NS= Non-significant. PAP = papanicolaou test; LGSIL = low-grade squamous intraepithelial lesion; HGSIL = high-grade squamous intraepithelial lesion. group and the 41-50 years group, the trend was towards progression of disease (19.4% and 27%, respectively).
Rates of persistence and regression of disease
Precancerous Lesions/Cervical cancer prevalence trends
Discussion
One thousand, seven hundred and seventy-eight PAP smear tests were performed between 2004 and 2010 at RHCC Gynecology Outpatient Unit. The rate of atypical PAP smear test results was 10.92%, including 7.66% with findings of atypia, koilocytosis, or ASCUS, 2.93% with LGSIL (histological diagnosis of CIN1), and 0.338% with HGSIL (histological diagnosis of CIN2 or CIN3). The highest incidence of LGSIL was seen in the under 21 years and the 21-25 year old group. Surprisingly, the highest incidence of HGSIL was seen in the under 21 group. These results are higher than expected given the literature on similar age population. . The other major Israeli HMO, Maccabi, conducted a similar retrospective analysis of 297, 849 PAP smear tests from 1991 through 1999 which showed the incidence of LGSIL and HGSIL to be 0.69% and 0.29%, respectively. The highest incidence of LGSIL was between the ages 20-24 and the highest incidence of HGSIL was between 30-39 years old [8] . A possible explanation to the differences in incidences between our study and the larger HMO studies is the population. Rambam is located in the Northern district of Israel and serves a smaller, more homogenous population. The population is very mixed with Jewish Israelis, Arabs, and Russian immigrants with a wide variation in socioeconomic status. There should be further investigation into how race, religion, immigration status, and socioeconomic status impact that rate of screening as well as the incidence of cervical pathology. Another possible explanation for the higher rates of dysplasia is that the population served by RHCC is more secular than in Israel as a whole. A more secular population means less strict views on premarital sex and earlier exposure to HPV infection.
One of the major concerns with adapting the U.S. Preventive Service Task Force (USPSTF) recommendation on beginning screening women at 21 years of age is how many diagnoses of precancerous cervical lesions will be missed in this age group?. The Israel Society of Obstetrics and Gynecology recommends screening all women every 3 years from ages 25-65 years of age, making the group that may be missed in Israel even larger. The USPSTF admits that there is a lack of publications evaluating the age at which to begin screening. The reasoning behind excluding these young women is that the rates of HGSIL and cervical cancer are markedly low in this group. The prevalence of CIN3 among women younger than 20 years is 0.2% [9] . The analyses performed by the USPSTF found that varying the start age for cytology screening from 15 years to 18 years to 21 years shows cervical cancer death rates of 1.54, 1.54, and 1.55 per 1000 women, respectively [10] . This evidence cannot be interpreted without understanding a few important things. It has been seen in other studies that low-grade precancerous lesions regress spontaneously in younger women. One study found that 62% of women with LGSIL regressed to normal in a 39-month follow up [11] . In our study of the 11 recipients that had received more than one PAP smear test under the age of 21 and had some degree of abnormality, 14% regressed and only 2.5% progressed to a more severe diagnosis.
When attempting to determine whether to screen women under 21 years old, the possible risks and complications must also be discussed. Excessive PAP smears done at young ages (under 21) when the prevalence of HPV is highest leads to additional diagnostic procedures and a falsepositive cytology rate of 3.1% [7] . Colposcopies, even though considered a safe diagnostic procedure can lead to immediately higher reports of pain, bleeding, and or discharge over those who just underwent surveillance of the lesions [12] . Treatment of high-grade precancerous lesions involved cervical conization or loop electrosurgical excision, with specific short and long-term consequences. Short-term consequences are similar to those from colposcopy but the long-term consequences include higher rate of preterm delivery, and low birth weight, possibly affecting perinatal mortality [13] .
It should be mentioned that a prospective study was almost impossible to perform due to the changed practice of PAP smear routine testing in light of the 2012 recommendations. This study is retrospective and the data set was collected for clinical evaluation and not as part of a research protocol. Therefore it must be assumed there is variation in materials and methodology used during the PAP smear test and documentation. Similarly, the Bethesda system was not used in the reporting of cytology reports by the Rambam cytology laboratory and therefore was inconsistent and unstandardized. There was no set time interval between testing of healthy patients and of those patients with cervical pathology. This was a challenge when trying to compare intervals of screening time for patients because there was no standard model to follow for short or long screening interval times. As discussed previously, there was a higher frequency of high-grade squamous intraepithelial lesions in the younger than 21 years group compared to previous reports. In future studies it would be beneficial to examine other factors such as sexual activity, pregnancy history, smoking status, and oral contraception use should be noted and analyzed. Lastly, low patient compliance for follow-up PAP smear tests may skew the data.
Anecdotally, after the collection of all the PAP smear tests performed between 2004 and 2010 there were two 19 year-old patients seen in the Rambam clinic diagnosed with HGSIL CIN3 One patient had previously been diagnosed with ASCUS which was followed by a colposcopy compatible with CIN and koilocytosis. The second patient was diagnosed by a screening PAP smear test and underwent conization. With the current guidelines, these women would have had to wait two more years before their first PAP smear tests. For these patients, the risk of waiting and possibly progression of disease severity outweighs the risk of unnecessary procedures. Despite the results of this study, it is fair to assume and speculate that the consequences of early screening for cervical cancer with subsequent, excessive follow-up tests outweigh the benefits of early detection of low-grade lesions that will most likely regress [14] [15] [16] [17] [18] [19] . It is necessary for future work to account for other factors that may predispose young women to earlier high-grade lesions. figure) ; Progression, N = 67; Regression, N = 65.
